We present two young patients who developed Ewing's sarcoma in the proximal radius, managed surgically by resection and no reconstruction with K-wire fixation of the distal radioulnar joint for 6 weeks. Following surgery, both patients developed proximal radius migration with subluxation, which caused the patients to complain about deformation. Proximal radius migration with subluxation is well documented in trauma cases, although they were not described in orthopedic oncology since reconstruction was the classic management for such cases. Our results support the decision of reconstructing the proximal radius after resection in order for better functional outcome and stability.
Introduction
Ewing's sarcoma is considered a highly malignant tumor of bone and soft tissue. One of the anatomical classifications of Ewing's sarcoma is skeletal or extraskeletal. Most cases of Ewing's sarcoma arise from the bone, and only one-third of the cases are soft tissue sarcomas [1, 2] . The epidemiological data available on such tumor showed incidence rate of 1 -3 cases per million population [3] . Skeletal Ewing's sarcoma is found more in association with long bones followed by pelvis, chest wall and lastly in the spine (47%, 26%, 16% and 6%, respectively). Ewing's sarcoma presenting in the proximal radius is extremely rare [3, 4] .
Treatment options for Ewing's sarcoma are chemotherapy and surgery with possibility of using radiotherapy. Over years of research, oncologist found that surgery is more effective than radiotherapy, in terms of prognosis, function and risk of secondary malignancy that is caused by radiotherapy. Radiotherapy has been used in case of inoperable Ewing's sarcoma or if the surgical margin was positive. Using radiotherapy as a single treatment is associated with higher risk of recurrence [5, 6] . Moreover, surgical management was found to be the best intervention after neo-adjuvant chemotherapy when compared to radiation therapy alone or a combination of surgery and radiation [7] .
Surgical options included resection of the tumor with or without reconstruction, and it can go even to amputation of the whole limb, which has been rarely done after the improvement and advances in diagnosis and controlling such malignant tumor [3] . Surgical complications vary and depend on many factors, including patient or surgical approach factors. These complications can be infection, loss of function, wrist or elbow pain, or even recurrence [8, 9] . We present two cases with rare presentation of forearm mass, which were diagnosed as Ewing's sarcoma, and one of the complications that can be faced after resection without reconstruction with temporary fixation of the distal radioulnar joint (DRUJ) with K-wire for 6 weeks. Both patients were consented for all procedures.
Case Reports

Case 1
A 14-year-old boy presented to our orthopedic oncology clinic with left forearm swelling. This swelling was associated with pain and lasted for 6 months; it was increasing in size and not associated with any decrease in range of motion of the elbow or wrist. A multidisciplinary team was involved in diagnosing and managing the patient. Magnetic resonance imaging (MRI) of the forearm showed a mass around the proximal radius sparing the medial side and measuring 3.2 × 3 × 4.1 cm ( Fig. 1 ). As reported by musculoskeletal radiologist, the mass origin looked a skeletal with extension to the soft tissue. After obtaining biopsy by intervention radiology team, pathology report showed morphology and immunohistochemical features consistent with Ewing's sarcoma.
Then, the patient received neo-adjuvant chemotherapy for four cycles. After that the patient was admitted under orthopedic team for elective resection of the proximal forearm mass. After resection, chemotherapy was used without radiotherapy as adjuvant because of the negative margin post resection.
Surgical technique
Under the effect of general anesthesia, the patient was put in a supine position. Going through a dorsal approach, over the left dorsal radius, the posterior interosseous nerve was identified and protected at the course of the resection site. A previous templating by the MRI showed resection of 10 cm of the bone was necessary in a wide margin fashion. After resection, the biceps tendon was attached to the ulnar, and two K-wires were inserted in the distal radio-ulnar joint under fluoroscopy. The purpose of the K-wire was to prevent subluxation of the DRUJ.
Follow-up
The patient was followed 2 weeks after surgery to examine the wound to review the post-operational X-rays ( Fig. 2 ). Then he was followed in a 6-week manner for removal of the K-wire after reviewing the follow-up X-rays ( Fig. 3) . At the 7-month follow-up, we noticed a migration and subluxation of the distal radius causing instability in the DRUJ with positive ulnar variance. The patient complained of deformation with mild discomfort. However, he was not complaining of wrist pain at that point. Long-term follow-up for 3 years did not show any recurrence or musculoskeletal complaints. The resected tumor was sent for pathology and the report showed microscopic residual Ewing's sarcoma with approximately 5% viable tumor. The majority of the tumor is replaced by fibrosis and vascular granulation tissue, consistent with therapy effect. Microscopic tumor is within the bone with focal presence in the ventral anterior, medial and dorsal muscular tissue. This is further confirmed by the CD99 (clone 12E7) im-munohistochemical stain, which highlighted the focal involvement by the tumor. The tumor is negative for any evident of lymphovascular invasion, and the outer soft tissue margins of resection are all free of tumor.
Case 2
An 18-year-old man presented with a left forearm mass for 9 months. The swelling was increasing gradually and it started as a painless mass, and then became a painful mass. The pain was sudden, severe and sharp in character. MRI of the forearm showed proximal to mid-shaft mass of the radius, measuring 6.4 × 3.5 × 4.2 cm ( Fig. 4a , b, and c). Based on the musculoskeletal radiologist, the tumor arised from the bone with soft tissue extension. A core biopsy was done by intervention radiology team and sent for pathology to test for EWSR1 (22q12) by FISH, EWSR1/FL1 and EWSR1/EGR translocation. These were positive and indicated Ewing's sarcoma.
The patient received neo-adjuvant chemotherapy for seven cycles. After 22 days from the last cycle, the patient underwent the surgical management. After surgical management, the tumor board chose chemotherapy and radiotherapy as adjuvant; the reason for that is the pathology report post resection, which showed highly viable tumor post neo-adjuvant chemotherapy.
Surgical technique
This patient underwent dual anesthesia, upper limb block and general anesthesia. The patient was put in a supine position. Then, our approach was dorsally with excision of the biopsy tract according to the musculoskeletal oncology principle. The posterior interosseous nerve was identified and protected, and then soft tissue dissection was done till we reached the proximal radius. An MRI templating was done pre-operation and was followed as 13 cm resection from the elbow joint, which was considered as a wide resection margin. After that, we attached the biceps tendon to the ulnar. Lastly, the distal radio-ulnar joint was stabilized by two K-wires and the forearm was tested in 30 -35° of supination and pronation.
Follow-up
The patient was followed in 2-week, 4-week, 6-week and 12week fashion. On the 2-week follow-up, the wound was examined, and did not show any sign of infection, and X-rays ( Fig. 5a, b ) were reviewed to look for proper placement of the K-wires. This follow-up did not show any subluxation or migration of the radius. On 4-week follow-up, one K-wire was removed only. After 2 weeks, the other K-wire was removed ( Fig. 6a, b ). On both follow-ups, no subluxation was noticed on X-ray or physical exam. The following visit, which was on a 12-week basis, showed a migration with subluxation of radius and presentation of positive ulnar variance. For 2 years follow-up, the patient still did not complain of wrist pain but only a deformation and discomfort. He underwent adjuvant chemotherapy and radiation, and no recurrence was noted.
The resected mass was sent for pathology and showed a high grade Ewing's sarcoma with tumor size of 4 cm in maximum dimension. The tumor firmly adhered to the underlying periosteum with focal microscopic invasion of the cortical bone. The distal osteotomy bone margin was negative. However, the status post neo-adjuvant chemotherapy showed that the tumor is > 99% viable and < 1% necrotic. The specimen was positive for EWSR1 (22q12) gene rearrangement by FISH study and positive for EWSR/FLI-1 fusion transcript.
Discussion
Ewing's sarcoma rarely presents in the radius [10] ; management of such tumor is surgery and chemotherapy mainly. Many surgical choices were presented over the years; these options include en bloc excision (mainly for benign lesion), resection with/without construction or amputation [11] . It also includes resecting the tumor in a wide margin or in a radical fashion [3] . Each surgical management has its own complication; however, literature did not offer much on resection of the mass without reconstruction in regard to the subluxation of the distal radius after resection. Our two cases presented with this complication that can affect the patients in terms of wrist pain or potential for arthritis. Our patients only complained of deformed appearance and mild discomfort.
In our second patient, we achieved a good range of motion with an acceptable functional status. He was able to supinate and pronate for almost 30°. Giessler et al [12] reported a good function outcome with reconstructing the forearm-resected mass with re-vascularized fibula graft. The flap measures were between 10 and 17 cm in length; however, he reported five cases of forearm masses and one of them was Ewing's sarcoma only.
Gokaraju et al [13] presented a case series of five patients who had tumors of the proximal radius, one of which was Ewing's sarcoma. The resected mass was 11 cm in length, and reconstructed with a metal proximal radial endoprostheses. He reported that none of his patients experienced wrist pain, which can be interpreted as no proximal radius migration has happened, although both of our patients had a radius migration but did not develop any wrist pain. The follow-up period for the Ewing's sarcoma patient was the shortest (10 months); all of his patients had a good functional score on the Mayo elbow performance score.
Dahuja et al [14] had a case of giant cell tumor in the proximal radius; the surgical management that was used in that patient was wide margin excision with reconstruction by a non-vascularized fibula graft and sparing the radial head. His case had an acceptable outcome in terms of wrist pain, stability and range of motion of the elbow in a follow-up of 2 years.
In regard to our presented complication, proximal radial resection including radial head resection without reconstruction was associated with subluxation and proximal migration of the radius despite fixing the distal radioulnar joint with K-wires. Karl et al [15] reported one case of a patient who sustained a radial neck nonunion and treated with radial head excision with staged radial head replacement. His subject was followed for 7 months, the patient started to have wrist pain after 4 months from the operation date and a positive radiograph for subluxation with migration; however, the patient had a good functional status and range of motion. The supination and pronation of her forearm reached 90° [15] . In comparison to our patients, the resection was wider; therefore, the range of motion would be decreased. Although he did replace the defect, the migration was still an issue that caused the patient a wrist pain. Antuna et al [16] in 2010 reported that a larger number of patients (26 cases) underwent primary radial head resections, who were followed for almost 15 years, and only three patients complained of wrist pain with evidence of migration. These results support the need to reconstruct any defect in the forearm for better function and range of motion.
To our knowledge, literature was limited in reporting migration of the proximal radius, subluxation or even wrist pain in Ewing's sarcoma of the proximal radius after resection without reconstruction. However, in one meta-analysis, Liu et al [17] reported a high rate of complications in en block resection of giant cell tumors of the radius. These complications include arthritis (13-50%) and subluxation (12-67%). However, Vander Griend et al [18] reported that carpal bones were more susceptible to subluxation. He reported also one patient who complained of wrist pain and instability after 2 years of follow-up. Our two cases were treated with large segment resection and no reconstruction was done for both of them. As our patients were young, prosthesis was not our first choice. In addition, this type of prosthesis needs to be custom made with very high cost and variable complication with limited follow-up in the literature. Both patients did not afford the expenses of such prosthesis. A vascularized fibula could be an option in our cases but the stability option at the elbow was a big concern as our patients refused taking the fibula as an option for reconstruction. Although none of our patients complained of significant wrist pain, the proximal radius migration is a musculoskeletal complication and related to the decision of our surgical management; unfortunately, it can affect the patients' functional status later during adulthood.
These two cases showed an acceptable functional status with an acceptable forearm range of motion. We think that they are representative but if the patient condition or situation did not allow the surgeon to reconstruct, an acceptable functional result seems to happen. We recommend the choice of reconstructing the defect after excision of proximal radius tumor using prosthesis, allograft or autograft to avoid the risk of wrist pain and the high possibility of deformation which can affect the patient function in the future.
